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(54) inverter circuit for use with discharge tube. 



(S?) An inverter circuit for use with a discharge 
tube or lamp such as a cold-cathod fluorescent 
lamp, a hot-cathod fluorescent lamp, a mercury 
arc lamp, a metal hafide lamp, a neon lamp or 
the like is provided. The secondary side circuit 
of a step-up transformer used in the inverter 
circuit is constructed as a high frequency power 
supply circuit and a parasitic or stray capaci- 
tance produced in the secondary side circuit of 
the step-up transformer is utilized as a portion 
or component of a resonance circuit consisting 
of an inductive ballast or the inductive output of 
a leakage flux type step-up transformer and the 
parasitic capacitance. 
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BACKGROUND OF THE INVENTION 

1. Field of the invention 

The present invention relates to an inverter circuit 
for use with a discharge tube or lamp such as a cold- 
cathod fluorescent lamp, a hot-cathod fluorescent 
lamp, a mercury arc lamp, a metal halide lamp, a neon 
lamp or the like. 

2. Prior Art 

It is necessary for turning on such a discharge 
tube or lamp to use a commercial AC power supply or 
a high-voltage power supply utilizing a commercial 
AC power supply and a lighting or starting circuit com- 
prising a ballast for limiting a current Recently, for the 
sake of miniaturizing such starting circuits and also of 
popularizing portable type devices or apparatus such 
as small size liquid crystal display devices each util- 
izing a discharge lamp, for example, as a back lighting 
source, various inverter circuits have been used for 
obtaining a high-voltage power supply from a low-vol- 
tage DC power source thereby turning on a discharge 
tube. 

Acapacitive ballast or an inductive ballast may be 
used in such an inverter circuit for a discharge tube, 
and a capacitive capacitor has generally been used 
as a ballast. 

While an inverter circuit for a discharge tube of 
smaller size is required because of making portable 
equipments small ,in size and light in weight, it is 
known in general that peripheral components or parts 
such as a step-up transformer, capacitor and the like 
can be miniaturized by making a driving f requncy for 
an inverter circuit higher so that the whole of an inver- 
ter circuit can be miniaturized in size. 

However, as the driving f requncy becomes high- 
er, the influence of a parasitic or stray capacitance 
caused by a secondary winding of a step-up transfor- 
mer, wiring or the like cannot be ignored. 

In addition, in many cases, a closed magnetic flux 
type core, namely, an El type core consisting of two 
magnetic pieces of E and I shapes or an EE type core 
consisting of two magnetic pieces of E and E shapes 
has been adopted as that of a step-up transformer 
used in an inverter circuit for a discharge tube on the 
basis of fundamental circuit design or plan in which a 
leakage of magnetic flux is considered to be harmful 
in efficiency. 

It is a step-up transformer that occupies the larg- 
est space in an inverter circuit for a discharge tube, 
and the difficulty of miniaturization in size of the step- 
up transformer makes it imposibie to miniaturize the 
whole inverter circuit in size. 

Hence in order to reduce the step-up transformer 
in size, as the driving frequncy for the inverter circuit 
for a discharge tube is made higher, a parasitic or 



stray capacitance or capacitances caused in a sec- 
ondary winding of a step-up transformer, wiring and 
the like can gradually increase thereby affecting the 
operation of the inverter circuit, and thus it has a lim- 
5 itation to make the driving frequency higher. 

Specifically, in a collector resonance type inver- 
ter circuit for a discharge tube as shown in Fig. 3, as 
a ballast capacitor 22 at the secondary side of a step- 
up transformer 21 is normally used a capacitor of sev- 

10 era I picofarads (pF) to several tens picofarads though 
the capacitance thereof can differ depending on a 
driving frequency for the inverter circuit 

Whereas a parasitic capacitance 23 caused in 
the secondary side of the step-up transformer 21 and 

15 a parasitic capacitance 25 caused in the circumfer- 
ence of a fluorescent lamp 24 are normally of several 
picofarads, respectively. 

The parasitic capacitance 25 can be increased in 
case a connecting wire between the secondary out- 

20 put of the step-up transformer 21 and the fluorescent 
lamp 24 is long, and hence there is a (imitation on the 
length of the connecting wire, too. 

In the above-mentioned inverter circuit, a high 
voltage induced in the secondary side of the step-up 

25 transformer 21 is divided in voltage by a series com- 
bination of the ballast capacitor 22 and the parasitic 
capacitance 25 and this divided high voltage lower 
than the high voltage at the secondary side is sup- 
plied to the fluorescent lamp 24. 

30 Since, in circuit design, the ballast capacitor 22 is 

smaller in its capacitance as the driving frequency for 
the inverter circuit is higher, the rate of the parasitic 
capacitance 25 to the ballast capacitor 22 becomes 
greater in the range in which the driving frequency is 

35 high. This causes the results that a voltage for dis- 
charge supplied to the fluorescent lamp 24 is lowered, 
which in turn causes the brightness or luminance of 
the fluorescent lamp 24 to decrease, and therefore 
there is needed such a consideration that turn ratio 

40 of the step-up transformer 21 is made greater than 
that determined by the circuit design or the like. 

Moreover, a load as seen from the primary side 
is capacitive due to the influence of the ballast capac- 
itor 22 and the parasitic capacitances 23, 25 and de- 

45 teriorates the power factor. 

This results in increase of a reactive current flow- 
ing through the collector winding (primary winding to 
which collectors of first and second two transistors 
are connected) at the primary side of the step-up 

so transformer and hence a copper loss or ohmic loss of 
the collector winding is increased thereby lowering 
the efficiency of the circuit. 

For that reason, it is necessary to make it possi- 
ble to use higher driving frequencies thereby further 

55 reducing the step-up transformer in size by working 
out a new circuit design inclusive of parasitic capaci- 
tances. 

Also, a high voltage- resistant capacitor used as a 
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ballast capacitor is requested to have high reliability, 
but there often occurs a failure or defect of an inverter 
circuit for a discharge tube due to a failure or defect 
of the high voltage-resistant capacitor. Hence it is de- 
sirable not to use a capacitor as a ballast from an as- 
pect of the reliability. 

In addition, it is possible to use an inductive choke 
coil as a ballast. However, in case of using an induc- 
tive load, there can occur that starting or continuation 
of oscillation of a self-excited inverter circuit for a dis- 
charge tube is difficult 

In order to resolve that problem, in an inverter cir- 
cuit for a discharge tube using an inductive ballast, a 
capacitive load is added to the secondary side of the 
inverter circuit so as to cancel an inductive load as 
seen from the primary side thereof so that starting or 
continuation of oscillation of the inverter circuit can be 
easily done. 

As described above, a step-up transformer used 
in a prior inverter circuit for a discharge tube has an 
El type core consisting of two magnetic pieces of E 
and I shapes or an EE type core consisting of two 
magnetic pieces of E and E shapes adopted as a 
magnetic core thereof. The volume of the core of such 
shape occupies a considerable space in the whole in- 
verter circuit, that is, it is the core of the step-up trans- 
former that occupies a large space in the inverter cir- 
cuit and so the core is an obstacle or bar to miniatur- 
ization of the inverter circuit Therefore, as long as a 
closed magnetic flux type step-up transformer is 
used in an inverter circuit, there is a limitation on min- 
iaturization of the step-up transformer. 

Accordingly, it is needed to implement the minia- 
turization of the step-up transformer by reconsidering 
or reviewing the shape of the core and the magnetic 
circuit. 

The present invention is done in view of the fore- 
going aspect and intends to provide an inverter circuit 
for a discharge tube in which the secondary side cir- 
cuit of a step-up transformer used in the inverter cir- 
cuit is constructed as a high frequency power supply 
circuit and a parasitic or stray capacitance produced 
in the secondary side circuit of the step-up transfor- 
mer is utilized as a portion or component of a reso- 
nance circuit consisting of an inductive ballast or the 
inductive output of a leakage flux type step-up trans- 
former and the parasitic capacitance. 

SUMMARY OF THE INVENTION 

In an inverter circuit for a discharge tube or lamp, 
typically two kinds of parasitic or stray capacitances 
are produced in the -secondary side circuit of a step- 
up transformer, one is a parasitic or stray capacitance 
produced in the secondary winding of the step-up 
transformer and the other is a parasitic or stray ca- 
pacitance produced in the wiring and the circumfer- 
ence of the discharge tube. By omitting a ballast ca- 



pacitor used to limit a current in a prior inverter circuit 
and using as the step-up transformer an extreme 
leakage flux type one, that is, a step-up transformer 
having extremely much leakage flux, the output of the 
5 step-up transformer becomes inductive. Also, by 
forming a resonance circuit with a parasitic capaci- 
tance caused in the secondary side circuit of the ex- 
treme leakage flux type tarnsformer and the Inductive 
output of the transformer, the parasitic capacitance 
10 which is deemed to be harmful in a prior inverter cir- 
cuit can be turned to a useful capacitance and a high 
voltage sufficient to turn on the discharge tube can 
be supplied to the discharge tube. 

The leakage flux type step-up transformer has a 
15 current limiting effect in itself and since the output 
thereof is inductive, it has the same effect as that of 
a choke coil. In order to further develop the above na- 
ture, when a rod-shaped core is used and the whole 
shape of the step- up transformer is made a rod 
20 shape, there is provided a leakage flux type step-up 
transformer which has extremely much leakage flux 
and wherein the portion of the secondary winding in 
the vicinity of the primary winding has the same effect 
as that of a leakage flux type transformer and the por- 
25 tion of the secondary winding remote from the pri- 
mary winding has the same effect as that of a choke 
coil. Therefore, this extreme leakage flux type step- 
up transformer can be considered to be one having an 
equivalent circuit consisting of a closed leakage flux 
30 type step-up transformer having variable step-up ra- 
tio and a variable inductance type ballast choke coil 
connected in series with the secondary winding of the 
transformer, and also to be one having a structure in 
which the choke coil is combined integrally with the 
35 step-up transformer as viewed from the configuration 
thereof. 

However, when an extreme leakage flux type 
step-up transformer is used as a step-up transformer, 
the rate of the portion of the secondary winding re- 

40 mote from the primary winding, which acts as a choke 
coil, is greater than that of the portion of the second- 
ary winding in the vicinity of the primary winding, 
which acts as a step-up transformer so that a strong 
current limiting action is effected. As a result a suffi- 

45 cient current for discharge cannot be supplied to a dis- 
charge tube. 

Hence in the present invention the inductive com- 
ponent of the choke coil is cancelled by a parasitic or 
stray capacitance produced in the secondary side clr- 

50 cuit or an auxiliary capacitor connected in parallel 
with the parasitic capacitance thereby forming a ser- 
ies resonance circuit comprising the choke coil and at 
least the parasitic capacitance, and thus a high vol- 
tage for discharge sufficient to turn on a discharge 

55 tube can be supplied to the discharge tube. 

Also, in case of using a choke coil as a ballast, a 
series resonance circuit is formed by the choke coil 
and a parasitic or stray capacitance produced in the 
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circumference of a discharge tube, and thus a high 
voltage for discharge sufficient to turn on the dis- 
charge tube can be supplied to the discharge tube, 
likewise with the case mentioned above. 

If the parasitic capacitance is of an insufficient s 
value which is short of a value required to create a ser- 
ies resonance, then an auxiliary capacitor is added in 
parallel with the discharge tube thereby adjusting the 
resonance frequency. 

Furhter, even though parasitic or stray capaci- 10 
tances produced in the secondary winding of the 
step-up transformer and in the wiring and the circum- 
ference of the discharge tube are of a value which is 
not negligible in circuit design or plan, these parasitic 
capacitances are utilized to form a resonance circuit 15 
together with the inductive ballast so that a high vol- 
tage for discharge sufficient to turn on the discharge 
tube can be supplied to the discharge tube. 

BRIEF DESCRIPTION OF THE DRAWINGS 20 

The above and other aspects of the present in- 
vention will become clear from the following descrip- 
tion which is given by way of example but not limited 
thereto, with reference to the accompanying drawings 25 
in which: 

Fig. 1 is an equivalent schematic diagram show- 
ing an embodiment of the present invention; 
Fig. 2 is an equivalent schematic diagram show- 
ing another embodi ment of the present invention; 30 
Fig. 3 is an equivalent schematic diagram show- 
ing a prior collector resonance type inverter cir- 
cuit; 

Fig. 4 is a plan view of the outline of the another 
embodiment of the present invention; 35 
Fig. 5 is a side view of the another embodiment 
of the present invention as seen from the second- 
ary winding side; 

Fig. 6 shows a waveform depicting a discharging 
current of a discharge tube used in a prior inverter 40 
circuit; and 

Fig. 7 shows a waveform depicting a discharging 
current of a discharge tube used in the inverter 
circuit of the present invention. 

45 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Now the present ivention will be described in de- 
tail with reference to the accopanying drawings. so 

Fig. 1 is an equivalent schematic diagram show- 
ing an embodiment of the present invention in which 
as a ballast is used a choke coil in place of a capacitor 
which is used in a prior inverter circuit. 

In Fig. 1 , a DC voltage is applied to input terminals 55 
IN1 and IN2 from a DC power source such as a pri- 
mary cell or secondary cell or a suitable DC power 
supply. The one input terminal IN2 is grounded and 



the other input terminal IN1 is connected to a capac- 
itor C1 and a choke coil CH1 the other end of which 
is connected to a center tap of a first primary winding 
PW1 (collector winding) of a step-up transformer 1 as 
well as to bases of first and second transistors TR1 
and TR2 through first and second resistors R1 and 
R2, respectively. The bases of the transistors TR1 
and TR2 are also connected to a second primary 
winding PW2 (base winding) of the transformer 1 and 
the emitters of the transistors TR1 and TR2 are con- 
nected in common and grounded. The collectors of 
the transistors TR1 and TR2 are connected to the first 
primary winding PW1 of the transformer 1 and a ca- 
pacitor C2 is connected in parallel with the first pri- 
mary winding PW1. 

The secondary winding SW1 (high-voltage wind- 
ing) of the transformer 1 is connected to a discharge 
tube or lamp 3 such as a fluorescent lamp through a 
choke coil 2 which acts as a ballast The discharge 
lamp 3 may be used for backlighting a small size liquid 
crystal display device. 

The choke coil 2 is effective for limiting a current 
and also acts to form a series resonance circuit to- 
gether with a parasitic or stray capacitance 4 caused 
in the circumference of the discharge lamp 3 and to 
supply a high voltage induced thereby to the dis- 
charge lamp 3. 

In such case, if the parasitic capacitance 4 
caused in the circumference of the discharge lamp 3 
is short of a calculated value of creating a series res- 
onance, then an additional capacitor 5 will be con- 
nected in parallel with the parasitic capacitance 4 to 
adjust the resonance frequency. A parasitic capaci- 
tance caused in the secondary side of the step-up 
transformer 1 is denoted by reference numeral 6. 

Fig. 2 is an equivalent schematic diagram show- 
ing another embodiment of the present invention in 
which the step-up transformer 1 is replaced by an ex- 
treme leakage flux type one, that is, a transformer 
having extremely much leakage flux, so that the out- 
put of the secondary side circuit becomes inductive. 
A parasitic capacitance 7 caused in the secondary 
side circuit such as a parasitic capacitance caused 
between the wires of the secondary winding of the 
tarnsformer 1, a parasitic capacitance caused in the 
circumference of a discharge lamp 3, etc., forms a 
series resonance circuit together with the output of 
the secondary side circuit which is inductive thereby 
supplying a high voltage to the discharge lamp 3. 

Likewise, in such case, if the parasitic capaci- 
tance 7 caused in the secondary side circuit is short 
of a calculated value of creating a series resonance, 
then an additional capacitor 5 will be connected in 
parallel with the parasitic capacitance 7 to adjust the 
resonance frequency. 

Figs. 4 and 5 show the outline or configuration of 
the step-up transformer 1 used in the second embodi- 
ment of the present invention mentioned above, the 
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step-up transformer which is constructed to have ex- 
tremely much leakage flux. The step-up transformer 
1 shown has a cylindrical shape in this embodiment, 
and may have a square or multi-cornered pillar-like 
shape or the like. 5 

The second primary winding PW2, namely, the 
base winding 12 of the step-up transformer 1 is 
wound about a bobbin (not shown) at a portion thereof 
corresponding to one end of a core 11 of round rod 
shape and the first primary winding PW1 , namely, the 1 o 
collector winding 13 of the step- up transformer 1 is 
wound about the bobbin adjacent to the base winding 
12. 

In addition, the secondary winding 14 is wound 
about the bobbin adjacent to the collector winding 13 15 
with the starting end of the secondary winding 14 
positioned adjacent to the collector winding 1 3 and 
the terminating end 17 thereof positined at a portion 
of the bobbin corresponding to the other end of the 
core 11. In case the starting end of the secondary zo 
winding 14 adjacent to the collector winding 13 is 
grounded, the highest voltage is produced at the ter- 
minating end 17 thereof which is farthest off from the 
primary side circuit In Fig. 4, a portion of the second- 
ary winding 14 in the vicinity of the primary winding 25 
13, which acts as a step-up transformer, is denoted 
by reference numeral 15 and a portion of the second- 
ary winding 14 remote from the primary winding 13, 
which acts as a choke coil, is denoted by reference 
numeral 16. so 

A strip-like print circuit board 18 is prepared 
which has peripheral circuit components or parts 
mounted or packaged thereon and one end of the 
print circuit board 18 is integrally connected to the 
other end of the core 11 opposite to the the terminal- 35 
ing end of the secondary winding 14 along the axial 
direction of the core 11. 

In case the secondary winding 14 was formed 
with a wire of about 0.04 mm in diameter wound 
around the bobbin by about 1 000 turns to about 4000 40 
turns, it was found that the parasitic capacitance 7 
caused in the secondary side circuit such as a para- 
sitic capacitance caused between the wires of the 
secondary winding 14 and a parasitic capacitance 
caused in the circumference of a discharge lamp 3, 45 
etc., formed a resonance circuit together with the in- 
ductive output of the secondary side so that a high 
voltage sufficient to turn on the discharge lamp 3 was 
applied to the discharge lamp 3. 

In such case, in a circuit design of an inverter cir- so 
cuitfor use with a coid-cathod discharge tube the rat- 
ed firing potential or breakdown voltage of which is 
1000V, the rated steady state discharging voltage of 
which is 300V and the rated electric power of which 
is 2W, the size of the cylindrical step-up transformer 55 
1 has 4.8mm in diameter and 35mm in length which 
is of very small size as compared with a prior inverter 
circuit using a step-up transformer having an El type 



or EE type core and having the same specification. 

Moreover, assembly of the step-up transformer is 
completed by only inseting the rod-like core 11 into 
the center bore of the bobbin after the primary and 
secondary windings are wound around the bobbin, 
and therefore the step-up transformer thus construct- 
ed is advantageous in mass production. 

In adition, the frequency range within which the 
parasitic capacitance effectively acts is from about 
100kHz to about 500kHz in a circuit design of an in- 
verter circuit for use with a cold-cathod discharge 
tube, and a step-up transformer used in the inverter 
circuit can be very reduced in size. 

Fig. 6 shows a discharging current of a discharge 
tube used in a prior inverter circuit, and Fig. 7 shows 
a discharging current of a discharge tube used in the 
inverter circuit according to the present invention. 

In the prior inverter circuit, as is apparent from 
Fig. 6, the current waveform flowing through the flu- 
orescent lamp is distorted and contains higher-order 
harmonic waves which are easy to become radiation 
noises. Whereas in the inverter circuit of the present 
invention, since the high frequency power supply cir- 
cuit is constructed by a series resonance circuit, the 
current waveform and voltage waveform are close to 
a sinusoidal wave and do not contain harmonic waves 
as is clear from Fig. 7. As a result, most of the radia- 
tion noises are only fundamental waves and there is 
an advantage that a countermeasure for the noise is 
easily taken. 

As is apparent from the foregoing, acording to the 
present invention, a parasitic capacitance is utilized 
as a portion or component of a resonance circuit and 
so a higher driving frequency for an inverter circuit 
can be adopted as compared with that of prior art. Ac- 
cordingly, a step-up transformer used in the inverter 
circuit can be miniaturized. 

Also, since a capacitive component and an induc- 
tive component cancel out with each other, the power 
factor is improved so that a reactive current flowing 
through the primary winding (collector winding) of the 
step-up transformer is reduced and a loss due to a 
copper loss is decreased and the efficiency of the in- 
verter circuit becomes higher. 

Further, the secondary winding of the step-up 
transformer can be terminated at end portion which is 
farthest off from the primary winding thereof and the 
highest voltage produced in the secondary winding 
can be brought to this end potion, which leads to an 
advantage in a countermeasure for high voltage. 

Moreover, if suitable conditions are selected, a 
high voltage-resistant capacitor can be omitted so 
that a failure of the inverter circuit due to a failure of 
the capacitor is prevented whereby the reliability of 
the inverter circuit is improved, and the inverter circuit 
can be simply constructed and miniaturized. 

Furthermore, a leakage magnetic flux type trans- 
former has inherent nature in which, even if the output 
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of the secondary side is shorted, an overcurrent does 
not only flow through the primary side but also all of 
the magnetic flux produced in the primary side are 
leaked to form a loop thereby limiting a current flow, 
and so there is provided a safe construction against 
a short circuit between wire layers of the secondary 
winding and the reliability of the inverter circuit be- 
comes higher. 

Claims 

1. An inverter circuit for a discharge tube including 
a step-up transformer having a core, at least one 
primary winding and a secondary winding to 
which a discharge tube is connected, and an in- 
ductive ballast connected to said secondary 
winding, said inverter circuit being characterized 
in that the secondary side circuit of said step-up 
transformer is constructed as a high frequency 
power supply circuit, and that a parasitic or stray 
capacitance'produced in said secondary side cir- 
cuit of said step-up transformer is utilized as a 
portion or component of a resonance circuit con- 
sisting of said inductive ballast and said parasitic 
capacitance. 



parasitic or stray capacitance produced in said 
secondary side circuit of said step-up transfor- 
mer is utilized as a portion or component of a res- 
onance circuit consisting of the inductive output 
5 of said step-up transformer and said parasitic ca- 

pacitance. 

7. The inverter circuit according to claim 6, further 
including a capacitor connected across said see- 
to ondary winding of said step-up transformer. 

8. The inverter circuit according to claim 6, wherein 
said parasitic capacitance is ones produced in 
said secondary side circuit such as a parasitic ca- 
ts pacitance caused between the wires of said sec- 
ondary winding and a parasitic capacitance 
caused in the circumference of said discharge 
tube, etc. 

20 



2. The inverter circuit according to claim 1 , wherein 
said inductive ballast and said discharge tube are 
connected in series with each other and the ser- 30 
ies combination of said inductive ballast and said 
discharge tube is connected across said second- 
ary winding of said step-up transformer. 

3. The inverter circuit according to claim 1 or claim 35 
2, further including a capacitor connected across 
said secondary winding of said step-up transfor- 
mer through said inductive ballast. 

4. The inverter circuit according to claim 1 or claim 40 
2, wherein said inductive ballast is a choke coil. 



5. The inverter circuit according to claim 1 , wherein 
said parasitic capacitance is ones produced in 
said secondary side circuit such as a parasitic ca- 45 
pacitance caused between the wires of said sec- 
ondary winding and a parasitic capacitance 
caused in the circumference of said discharge 
tube, etc. 

50 

6. An inverter circuit for a discharge tube including 
a leakage flux type step-up transformer having a 
core, at least one primary winding and a second- 
ary winding to which a discharge tube is connect- 
ed, said inverter circuit being characterized in 55 
that the secondary side circuit of said leakage 

flux type step-up transformer is constructed as a 
high frequency power supply circuit, and that a 



BP 0 647 086 A1 




FIG. 2 



INI 
IN2 



CHI 



/////, 



CI 



R1 



7777" 



R2 



C2 



TR2 



PW1 



f 



PW2 



1 



O 



5 i7 

Ji 



7777 



SW1 



EP 0 647 086 A1 



INI 

IN2 



cm 



+ 



///// 



C1 



7777" 



FIG. 3 

(PRIOR ART) 



R1 < <R2 



< 



TR1 



C2 



i 1 1 | 

7777" 

KTR2 




PW1 
PW2 



21 



22 



0 



23 



vr 



SW1 



8 



* 



EP 0 647 086 A1 



FIG. 4 




9 



EP 0 647 086 A1 



O 
ZD 

rn 



10mA- 



-10mA- 



FIG. 6 

(PRIOR ART) 




-TIME 



o 

JO 
JO 



8mA 



-8mA 



FIG. 7 



I 




Y_/ 








8.3 Jul sec 





TIME 



10 



EP 0 647 086 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 94 30 6333 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
Co claim 



CLASSIFICATION OF THE 
APPLICATION (Int.CL6) 



US-A-4 572 990 (LEALE) 

* column 8, line 37 - column 11, line 28; 
figures 1,2,5,7 * 

US-A-4 698 741 (PACH0L0K) 

* column 5, line 21 - column 5, line 39; 
figure 1 * 

EP-A-0 505 947 (SANYO) 

* page 4, line 6 - page 4, line 22; 
figures 1,2,5,6,10 * 



1,2,5,6, 
8 



H05B41/29 



1,2,5,6, 
8 



1,6 



TECHNICAL FIELDS 
SEARCHED (Int.CI.6) 



H05B 



The present search report has been drawn up for all claims 





IWe of wKpJHkui of Ik- uvd 




1 THE HAGUE 


14 Oecember 1994 


Speiser, P 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

V : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : Intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
O : document dted in the application 
L : document cited for other reasons 

& : meratxr of the sane patent family, corresponding 
document 



11 



